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ABSTRACT 


Tests  were  conducted  in  the  AEDC  Aerodynamic  Wind  Tunnel 
(4T)  to  evaluate  subsonic  and  supersonic  wall  interference  effects 
and  general  data  quality  using  a  modified  F-111A  aircraft  model  of 
0.6-percent  blockage.  The  tunnel  is  equipped  with  inclined-hole, 
variable  porosity  test  section  walls.  Comparisons  of  the  data  ob¬ 
tained  in  Tunnel  4T  with  data  obtained  in  the  Propulsion  Wind  Tunnel 
(16T)  using  the  same  model,  balance,  and  sting  show  that  practically 
interference -free  data  can  be  obtained  in  Tunnel  4T  throughout  the 
Mach  number  range  from  0.7  to  1.2  utilizing  variable  porosity.  At 
other  than  the  optimum  wall  porosities,  experimental  subsonic  lift 
interference  effects  are  generally  larger  than  theoretical  predictions, 
although  theory  and  experiment  are  in  qualitative  agreement. 
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SECTION  I 
INTRODUCTION 


This  investigation  was  conducted  to  document  the  quality  of  data 
obtained  in  the  Aerodynamic  Wind  Tunnel  (4T)  at  AEDC.  Specific 
areas  of  interest  were  subsonic  and  supersonic  wall  interference 
effects,  tunnel  flow  angularity,  and  the  influence  of  deviations  from 
standard  tunnel  operation  procedures. 

The  model  used  for  this  study  was  a  1/ 24-scale  F-111A  with  a 
special  fixed-sweep  wing.  The  various  interference  effects  were 
isolated  by  comparing  the  data  obtained  in  Tunnel  4T  with  data  obtained 
in  the  Propulsion  Wind  Tunnel  (16T)  using  the  identical  model,  balance, 
and  sting.  The  tests  were  conducted  at  a  Reynolds  number  of  3  x  1()6 
per  foot  through  the  Mach  number  range  from  0.  7  to  1.  2  in  both  Tunnels 
4T  and  16T.  The  model  blockage  was  0.606  percent  in  Tunnel  4T  and 
0.038  percent  in  Tunnel  16T.  The  data  of  Tunnel  16T  are,  therefore, 
considered  interference  free. 

Some  data  presented  herein  were  taken  from  a  preceding  investi¬ 
gation  in  Tunnel  4T  (Ref.  1),  and  the  interference -free  data  from  Tunnel 
16T  were  obtained  at  the  same  time  as  that  reported  in  Ref.  2. 


SECTION  II 
APPARATUS 


2.1  TUNNEL  16T 

The  test  facility  used  to  obtain  interference -free  data  is  a  closed- 
circuit,  continuous  flow  tunnel  with  a  nominal  Mach  number  range  from 
0.  55  to  1.  60.  It  is  capable  of  operation  at  stagnation  pressures  from 
approximately  100  to  4000  psfa  and  stagnation  temperatures  from 
approximately  90  to  160°F.  The  removable  test  section  is  16  ft  square 
and  40  ft  long.  A  9-ft  tapered  porosity  section  connects  the  two- 
dimensional,  solid-plate,  flexible  nozzle  to  the  perforated-wall  test 
section.  The  test  section  walls  have  60-deg  inclined  holes  and  a  poros¬ 
ity  of  6  percent  which  yields  near  perfect  wave  cancellation  at  a  Mach 
number  of  1.2.  The  location  of  the  model  in  the  test  section  is  shown 
in  Fig.  1,  Appendix  I,  and  an  installation  photograph  is  given  as  Fig.  2. 
The  model  was  sting  mounted  to  an  auxiliary  pitch  mechanism  which  was 
supported  by  the  main  tunnel  pitch  and  roll  mechanisms.  Additional 
information  on  the  tunnel  may  be  found  in  Ref.  3. 
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2.2  Tunnel  4T 

Tunnel  4T  is  a  closed-loop,  continuous  flow  tunnel  with  a  Mach 
number  range  from  0. 1  to  1.4,  a  stagnation  pressure  range  from  300 
to  3700  psfa,  and  a  stagnation  temperature  range  from  80  to  130°F. 

The  test  section  flow  is  generated  through  a  two-dimensional,  fixed, 
sonic-block  nozzle  with  parallel  sidewalls.  Supersonic  speeds  are 
obtained  by  expansion  through  the  upstream  portion  of  the  test  section 
using  auxiliary  plenum  suction.  The  perforated  test  section  walls  are 
of  the  variable  porosity  type  with  an  available  porosity  range  from  0 
to  10 -percent  open  area.  Two  plates  with  identical  hole  geometry  are 
utilized,  the  airside  plate  being  fixed  and  the  backside  or  cutoff  plate 
sliding  upstream  for  decreasing  porosity.  A  sketch  of  the  model 
installation  in  Tunnel  4T  is  shown  in  Fig.  3,  and  Fig.  4  is  an  installa¬ 
tion  photograph.  Additional  information  on  Tunnel  4T  may  be  found 
in  Ref.  3. 


2.3  TEST  ARTICLE 

The  model  consisted  of  a  1/24 -scale  F-111A  fuselage,  horizontal 
tail,  inlet  spikes,  nozzle  plugs,  vertical  tail,  dorsal  antenna,  and 
fuselage  fairings  with  a  special  fixed-sweep  wing. '  The  wing  incorpo¬ 
rated  leading  and  trailing  edge  flaps  which  were  at  the  zero  setting 
for  this  investigation.  A  sketch  showing  the  basic  model  dimensions 
is  presented  in  Fig.  5.  To  fix  boundary -layer  transition  on  the  model, 
silicon- carbide  abrasive  was  adhered  near  the  leading  edges  of  the 
model  components  as  described  in  Refs.  1  and  2. 


2.4  INSTRUMENTATION 

An  internal  six-component  strain-gage  balance  was  used  to  meas¬ 
ure  forces  and  moments  on  the  model,  and  self-balancing  transducers 
referenced  to  the  tunnel  plenum  pressure  were  used  to  measure  the 
pressure  at  the  base  of  each  nozzle  plug  and  inside  the  fuselage-sting 
cavity.  Electrical  signals  from  the  balance,  pressure  transducers, 
and  standard  tunnel  instrumentation  systems  were  processed  by  the 
FWT  data  acquisition  system  and  digital  computer  for  on-line  data 
reduction.  The  balance  outputs  were  also  recorded  on  an  oscillo¬ 
graph  for  monitoring  of  model  dynamics. 
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SECTION  III 
TEST  DESCRIPTION 


3.1  PROCEDURE 

Data  were  obtained  in  both  Tunnels  4T  and  16T  at  nominal  test 
section  Mach  numbers  of  0.  7,  0.8,  0.9,  1.0,  1.1,  and  1.2.  Stagna¬ 
tion  temperatures  were  maintained  at  approximately  120°F  and  nomi¬ 
nally  constant  Reynolds  numbers  of  3  x  10^  per  foot  were  held  by 
specific  stagnation  pressure  settings.  For  the  results  presented 
here,  the  model  pitch  angle  ranged  from  -3  to  10  deg,  and  roll  angles 
of  0  and  180  deg  were  used.  In  Tunnel  16T  the  model  was  rolled  on 
line,  whereas  in  Tunnel  4T  the  180 -deg  roll  was  accomplished  by 
manually  breaking  the  sting/ strut  connection  and  reinstalling  the  model, 
balance,  and  sting  in  the  inverted  position. 

For  subsonic  Mach  numbers  in  Tunnel  4T,  data  were  obtained  at 
wall  porosities  of  2,  4,  6,  8,  and  10  percent,  whereas  at  supersonic 
Mach  numbers,  only  6 -percent  and  optimum  settings  were  used.  The 
optimum  wall  porosity  is  the  setting  which  minimizes  wave  reflections 
from  the  walls  for  a  cone -cylinder  body  of  1-percent  blockage  (Ref.  4), 
and  this  optimum  is  a  function  of  Mach  number;  specifically,  t  =  1.  5 
at  M  =  1.  0,  t  =  2.5  at  M  =  1.1,  and  r  s  4.8  at  M  =  1.2.  In  general,  a 
desired  Mach  number  was  set  and  then  pitch-polars  were  made  at  each 
of  the  wall  porosity  settings. 


3.2  DATA  REDUCTION 

Measured  force  and  moment  data  were  reduced  to  coefficient  form 
in  the  stability  axes  system  through  the  moment  reference  station  shown 
in  Fig.  5  which  was  at  the  0,  25  mean  aerodynamic  chord  point.  Fore- 
body  drag  coefficients  were  obtained  by  correcting  the  measured  drag 
for  fuselage  and  nozzle  plug  base  drags  and  for  the  internal  duct  drag. 
The  internal  drag  corrections  were  obtained  during  a  previous  test  in 
Tunnel  4T  (Ref.  1)  and  applied  as  a  function  of  Mach  number  and  angle 
of  attack. 

The  data  were  corrected  for  tunnel  flow  angularities  using  the  mean 
angle  of  zero  lift  as  discussed  in  Section  4.  2. 
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3.3  PRECISION  OF  MEASUREMENTS 

i 

The  estimated  precision  of  the  data  based  on  the  95-percent  confi¬ 
dence  level  is  given  in  the  following  table  for  the  two  tunnels  at  M  =  0.  7 
and  1.  2.  The  error  sources  considered  for  the  coefficients  were  balance 
uncertainties,  gage  zero  shifts,  Mach  number  nonuniformities,  and 
Mach  number  calibration  accuracies. 

Tunnel  1ST  Tunnel  4T 


E- 

© 

II 

'8 

2 

Mm  =  1.2 

M,,,  =0.7 

• 

r-i 

ii 

8 

2 

AM. 

±0.0032 

±0.0081 

±0.0058 

±0.0104 

ACd 

±0. 0043 

±0. 0045 

±0.0029 

±0.0031 

acl 

±0.0129 

±0.0172 

±0.0170 

±0.0201 

ACm 

±0.0082 

±0.0084 

±0. 0099 

±0.0100 

A  a,  deg 

±0. 1 

±0.  1 

±0.  1 

±0.  1 

At 

— 

-  -  - 

±0.05 

±0.05 

Limited  tunnel  calibration  data  are  available  at  large  wall  porosi¬ 
ties,  and  the  data  presented  herein  for  r  =  10  are,  therefore,  to  be 
examined  with  caution.  In  particular,  the  base  drag  values  for  all  data 
at  t  =  10  were  of  opposite  sign  from  the  norm  which  implies  a  grossly 
incorrect  tunnel  pressure  ratio  for  that  wall  porosity. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  REFERENCE  DATA 

Interference-free  data  obtained  in  Tunnel  16T  are  shown  in  Fig.  6. 
A  model-inverted  run  was  made  only  at  M„  =  0.  9,  and  these  data  indi¬ 
cate  a  Tunnel  16T  flow  angularity  of  0. 1-deg  upwash.  The  auxiliary 
pitch  mechanism  was  rolled  with  the  model  so  the  apparent  angularity 
was  not  induced  by  that  mechanism.  Detailed  comparisons  of  the  data 
obtained  in  Tunnels  4T  and  16T  resulted  in  the  conclusions  that  the 
effective  flow  angularity  in  Tunnel  16T  is  constant  at  0. 1-deg  upwash 
for  M0  =0.7  through  0.  9  and  that  there  is  no  measurable  angularity 
for  M,,,  =  1.0  through  1.  2.  This  decay  to  zero  angularity  for  super¬ 
sonic  Mach  numbers  is  not  supported  by  tunnel  calibration  data,  the 
latter  indicating  a  nearly  constant  angle  throughout  the  Mach  number 
range. 


4 


AEDC-TR-70-72 


The  curves  drawn  in  Fig.  6  are  fairings  of  the  data  adjusted  for  the 
apparent  flow  angularity,  and  these  same  curves  are  repeated  for  com¬ 
parative  purposes  on  the  figures  for  the  Tunnel  4T  results. 

It  is  unfortunate,  but  balance  zero  shifts  occurred  during  this  por¬ 
tion  of  the  Tunnel  16T  test  which  were  several  times  larger  than 
occurred  at  other  times.  The  end  result  of  these  shifts  is  that  the 
absolute  levels  of  the  interference -free  data  are  not  as  precise  as  would 
be  desired,  although  the  relative  variations  of  the  data  within  a  given 
pitch  polar  should  not  be  affected  by  the  balance  shifts.  In  particular, 
the  slopes  (dCj^/Aa  and  dCm/dCL,)  of  the  data  are  considered  to  be  con¬ 
siderably  more  precise  than  the  error  estimates  given  in  Section  3.  3 
would  indicate.  However,  the  drag  data  are  directly  affected  by  the 
shifts,  and  comparisons  between  Tunnel  4T  and  16T  data  should  be 
made  with  caution. 

Reference  2'  presents  data  obtained  at  Reynolds  numbers  of  3.0 
and  5.2  x  106  per  foot  with  differential  flap  settings  on  this  model. 

These  data  indicate  little  sensitivity  to  Reynolds  number  variation 
which  implies  that  differences  between  Tunnel  4T  and  16T  results  for 
this  model  should  not  be  attributable  to  possible  differences  in  stream 
turbulence  levels. 


4.2  FLOW  ANGULARITY 

A  representative  set  of  data  obtained  in  Tunnel  4T  is  shown  in 
Fig.  7.  Comparisons  of  the  upright  and  inverted  runs  indicate  a  test 
section  flow  angularity  of  nominally  0.  3 -deg  downwash,  varying  slightly 
with  wall  porosity. 

The  previous  test  of  this  model  in  Tunnel  4T  (Ref.  1)  used  non- 
perforated  windows  in  the  top  wall  for  purposes  of  flow  visualization, 
whereas  the  bottom  wall  was  fully  perforated.  The  same  window 
arrangement  was  maintained  for  the  present  study.  However,  the 
unsymmetrical  window  installation  apparently  does  not  contribute  to 
the  flow  angularity  since  a  test  with  symmetrical  windows  (Ref.  5) 
indicates  generally  the  same  angularity  as  the  present  study.  It  is 
concluded  that  a  significant  flow  angularity  exists  in  Tunnel  4T  and 
further  study  is  required  to  isolate  and  correct  the  problem. 

To  simplify  analysis  of  the  present  results.  Cl,  Cd,  and  a  were 
corrected  for  the  apparent  tunnel  flow  angularity.  The  correction  was 
defined  as  the  difference  between  the  measured  angle  of  zero  lift  for 
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each  pitch  polar  and  the  mean  ag  lor  each  Mach  number.  The  range  of 
the  corrections  is  shown  in  Fig.  8  with  the  results  of  Ref.  5  also  shown 
for  comparison. 


4.3  EFFECT  OF  VARIABLE  WALL  POROSITY 

The  influence  of  wall  porosity  on  the  stability  data  in  Tunnel  4T  is 
presented  in  Figs.  9  through  14.  The  curves  in  each  figure  are  fairings 
of  the  data  obtained  in  Tunnel  16T. 

In  general,  it  is  possible  to  obtain  nearly  interference -free  data  in 
Tunnel  4T  by  selection  of  a  wall  porosity  schedule  as  a  function  of  Mach 
number.  Referring  to  Fig.  9,  for  example,  the  correct  lift  is  obtainable 
with  r  =  4  at  M,,,  =  0.  7;  however,  the  drag  and  pitching  moment  show 
slight  deviations  from  the  Tunnel  16T  data. 

The  most  dramatic  demonstration  of  the  effectiveness  of  variable 
wall  porosity  is  provided  by  the  results  at  M0  =1.0  (Fig.  12).  A  wall 
porosity  of  1.  5  yields  data  that  are  in  good  agreement  with  the  Tunnel 
16T  results,  whereas  the  r  =  6.0  data  show  considerable  wall  interfer¬ 
ence  effects. 

An  incidental  effect  of  wall  porosity  was  noted  during  conduct  of 
the  test.  For  the  larger  wall  porosities  and  especially  at  r  =  10,  the 
dynamic  oscillations  in  yaw  of  the  model  were  noticeably  higher  in 
magnitude  than  noted  at  t  =  6.0  and  below.  These  oscillations  were 
higher  still  during  transition  from  one  porosity  setting  to  another 
wherein  the  walls  probably  were  not  at  the  same  uniform  porosity. 


4.4  EFFECT  OF  TUNNEL  PRESSURE  RATIO 

The  tunnel  pressure  ratio,  X,  for  Tunnel  4T  is  manually  controlled, 
and  occasional  setting  errors  occur.  To  document  the  effect  of  tunnel 
pressure  ratio,  data  were  obtained  at  M,,,  =  0.  7  with  X  settings  corre¬ 
sponding  to  those  for  M,  =  0.  6  and  0.  8.  The  results  are  presented  in 
Fig.  15,  and  no  significant  discrepancies  are  evident.  However,  the 
model  base  pressures  were  slightly  influenced  by  the  different  X  settings 
which  resulted  in  a  consistent  base  drag  variation  from  40  percent  below 
to.  30  percent  above  the  nominal  Tunnel  16T  value. 


6 


AEDC-T  R  -70-72 


4.5  BLOCKAGE  EFFECTS 

i  • 

* 

Data  are  presented  in  Ref.  4  which  demonstrate  significant  sub¬ 
sonic  blockage  interference  with  a  1-percent  blockage  model  at  low 
wall  porosities.  Unpublished  data  have  since  been  obtained  with  a 
1.  6-percent  blockage  model  which  indicated  roughly  twice  the  amount 
of  blockage  interference.  Judicious  extrapolation  from  these  two  data 
points  to  the  present  0.  6-percent  blockage  model  results  in  the  con¬ 
clusion  that  the  maximum  subsonic  blockage  interference  effect  on 
the  present  data  is  on  the  order  of  1  percent.  This  effect  is  thus 
buried  in  the  data  inaccuracies  and  could  not  be  isolated. 

With  regard  to  transonic  blockage.  Ref.  4  indicates  that  r  =  1.  5 
is  optimum  for  a  1-percent  blockage  model  at  M,,,  =  1.0.  The  present 
data  at  =  1.0  (Fig.  12)  indicate  that  a  smaller  wall  porosity  setting 
might  be  beneficial  which  implies  that  the  optimum  wall  porosity  at 
M,,,  =  1.  0  is  a  slight  function  of  model  blockage. 


4.6  SUBSONIC  LIFT  INTERFERENCE  EFFECTS 

The  effects  of  wall  porosity  on  the  slopes  of  the  lift  and  pitching- 
moment  data  are  shown  in  Figs.  16  and  17.  These  results  were  obtained 
by  fitting  a  least-squares  line  to  the  data  shown  in  Figs.  9,  10,  and  11 
for  angles  of  attack  less  than  a  =  1  and  then  subtracting  the  correspond¬ 
ing  Tunnel  16T  result.  The  theoretical  curves  in  the  figures  are  the 
expected  interference  effects  for  the  model  in  Tunnel  4T  as  developed 
in  Appendix  II. 

In  general,  the  data  and  theory  are  in  qualitative  agreement;  and  at 
M,,,  =  0.  7  (Fig.  16),  data  and  theory  agree  quantitatively  as  well.  How¬ 
ever,  with  increasing  Mach  number  a  discrepancy  is  evident  which 
implies  that  the  theoretical  compressibility  correction  is  not  adequate. 
As  discussed  in  Appendix  II,  the  theoretical  curves  for  the  pitching 
moment  slope  are  not  as  well  founded  as  those  for  lift;  and  the  indicated 
disagreement  between  theory  and  experiment  may  be  exaggerated. 

The  fairings  of  the  data  in  Figs.  16  and  17  were  made  without  con¬ 
sidering  the  results  at  the  higher  wall  porosities. 

4.7  RECOMMENDED  WALL  POROSITY  SCHEDULE 

Intersection  of  the  faired  experimental  data  in  Figs.  16  and  17  with 
the  zero  line  yields  a  wall  porosity  at  each  Mach  number  which  provides 
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an  interference -free  test, condition.  These  points  are  presented  in 
Fig.  18  and  compared  with  the  theoretically  required  porosities  as 
developed  in  Appendix  II. 

The  porosity  schedule  required  to  eliminate  induced  upwash  inter 
ference  is  labeled  6q  =  0,  and  the  schedule  which  theoretically  elimi¬ 
nates  streamline  curvature  interference  is  designated  by  6^  =0.  The 
schedules  are  not  the  same  so  that,  in  general,  there  is  no  way  to 
completely  eliminate  interference  effects  in  Tunnel  4T.  However, 
for  aircraft  models,  the  induced  upwash  is  the  predominant  lift  inter¬ 
ference  effect  which  allows  practical  achievement  of  interference  - 
free  data  by  utilizing  the  porosity  schedule  for  6o  =  0. 

The  recommended  Tunnel  4T  wall  porosity  schedule  for  subsonic 
Mach  numbers  is,  therefore,  the  theoretical  schedule  for  6q  =  0  with 
adjustment  in  the  transonic  range  which  matches  the  requirements 
determined  by  Ref.  4  and  the  present  results. 

The  recommended  schedule  of  Ref,  4  for  supersonic  operation  is 
modified  slightly  because  of  the  excellent  agreement  of  theory  and 
experiment  at  the  Mach  numbers  where  sufficient  data  were  obtained. 


SECTION  V 
CONCLUSIONS 


The  investigation  to  document  the  quality  of  data  obtained  in  the 
PWT  Aerodynamic  Wind  Tunnel  (4T)  utilizing  a  0.6-percent  blockage 
fighter-type  model  has  resulted  in  the  following  conclusions: 

1.  Practically  interference -free  static  stability  data  are 
obtainable  throughout  the  Mach  number  range  from 
M  =  0. 7  to  1. 2  using  the  recommended  variable  wall 
porosity  schedule. 

2.  A  nominally  constant  flow  angularity  of  0.  3 -deg  down- 
wash  exists  for  M  =  0.  7  through  1.  2. 

3.  Small  variations  in  tunnel  pressure  ratio  have  no  dis¬ 
cernible  effect  on  static  stability  data. 

4.  At  other  than  the  optimum  wall  porosities,  experimen¬ 
tal  subsonic  lift  interference  effects  are  generally  larger 
than  theoretical  predictions,  although  theory  and  experi¬ 
ment  are  in  qualitative  agreement. 
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APPENDIXES 

I.  ILLUSTRATIONS 

II.  THEORETICAL  LIFT  INTERFERENCE  EFFECTS 
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Fig.  3  Model  Installation  in  Tunnel  4T 
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Fig.  4  Photograph  of 
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Fig.  7  Uncorrected  Data  from  Tunnel  4T  at  M.„  =  0.7 
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Fig.  11  Effect  of  Variable  Wall  Porosity  in  Tunnel  4T  at  M„  =  0.9 
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APPENDIX  II 

THEORETICAL  LIFT  INTERFERENCE  EFFECTS 


The  theoretical  lift  interference  factors,  6q  and  61,  which  char¬ 
acterize  induced  upwash  and  streamline  curvature  in  perforated  wind 
tunnels,  are  presented  in  Ref.  6,  an  extension  of  Ref.  7.  This  appendix 
presents  the  method  used  to  transform  from  the  theoretical  parameters 
to  the  measured  quantities  of  the  present  study,  including  previously 
unpublished  work  concerning  perforated  wall  crossflow  characteristics. 

Theoretical  work  uses  a  porosity  parameter,  Q,  defined  by 


Q-[' 

where 

/3  =  (l  -  M ij)* 

Cp  =  wall  pressure 

6  =  flow  angle  at  the  wall,  radians 

{positive  for  outflow  from  the  test  section) 

The  slope,  dCp/d0,  is  termed  the  wall  crossflow  characteristic,  and, 
heretofore,  was  an  unknown  function  of  the  wall  porosity,  t.  For  pres¬ 
ent  purposes,  the  functional  relationship  between  t  and  dCp/d0  was 
determined  as  follows. 

Experimental  supersonic  static-pressure  distributions  on  a  20-deg 
cone-cylinder  model  in  Tunnel  4T  with  variable  wall  porosity  are  given 
in  Ref.  4.  In  general,  the  data  are  subject  to  wave  reflection  interfer¬ 
ence  from  the  tunnel  walls,  there  being  a  unique  wall  porosity  required 
for  wave  cancellation  at  each  Mach  number.  A  typical  example  of  the 
data  is  shown  in  Fig.  II- la,  specifically  for  =  1.  15  and  t  =  5.  0 
where  r  =  3.5  is  required  to  achieve  interference -free  data.  The  static- 
pressure  distribution  in  conjunction  with  the  model  geometry  were  used 
as  inputs  to  a  digital  computer  program  which  utilized  the  method  of 
characteristics  to  calculate  the  compatible  flow  field  within  the  determi¬ 
nable  domain.  The  programmed  equations  assumed  axisymmetric,  isen- 
tropic  flow.  Once  the  characteristic  network  was  defined,  interpolations 
for  local  flow  properties  were  made  at  a  radius  which  corresponded  to 
the  wall  location  based  upon  the  model  blockage,  that  is,  the  square 


§_  dC/1 

2  J 


coefficient, 


P  ~  Poc 


(H-l) 
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tunnel  was  replaced  with  a  circular  boundary  of  equal  cross-sectional 
area.  The  calculated  local  pressure  coefficient  as  a  function  of  the 
local  flow  angle  generally  appeared  as  shown  in  Fig.  II- lb.  A  least- 
squares  second-order  curve  fit  to  the  results  was  made,  and  the  slope 
of  the  curve  evaluated  at  0  =  0  was  taken  to  be  the  desired  parameter, 
dCp/d  6. 


The  above  process  was  repeated  for  each  available  combination 
of  wall  porosity  and  Mach  number  within  the  range  of  1. 1  <  M  <  1.4, 
and  the  results  are  given  in  Fig.  II- 2.  Within  this  Mach  number  range, 
the  slope  dCp/d0  is  sensibly  independent  of  Mach  number  at  a  given 
wall  porosity.  Reference  8' presents  data  in  a  different  format  which 
shows  the  crossflow  characteristics  of  thick-plate  orifices  with  the 
approach  flow  perpendicular  to  the  hole  axis  to  be  independent  of  the 
approach  Mach  number  at  low  pressure  differentials  within  the  range 
of  0  <  M  <  0.  6.  It  is,  therefore,  assumed  that  the  results  shown  in 
Fig.  II-2  are  valid  for  Tunnel  4T  for  all  Mach  numbers.  For  present 
purposes,  the  results  are  approximated  by 


dCp 


=  5 


UI-2) 


As  a  matter  of  record,  similar  calculations  using  data  obtained  on 
cone-cylinder  models  in  1-  and  16-ft  transonic  tunnels  with  60-deg 
inclined-hole  fixed-porosity  perforated  test  sections  show  dCp/d0  to 
be  nominally  25  percent  higher  than  Tunnel  4T  at  a  given  wall  porosity. 


For  supersonic  flow,  small  perturbation  theory  gives  the  required 
dCp/d0  for  wave  cancellation  as 


2 


(n-3) 


Equating  (II-2)  and  (H-3)  yields  the  theoretical  Tunnel  4T  porosity 
required  for  wave  cancellation. 


T  =  12 


24 

5(Mm2  -  \)% 


(II-4) 


For  subsonic  flow,  substituting  Eq.  (II- 2)  into  Eq.  (II- 1)  yields  the 
desired  relationship  between  t  and  Q 


r 


(II- 5) 
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Reference  6  shows  that  =  0  at  Q  =  0.  447  and  6i  =  0  at  Q  =  0.  666. 
Use  of  these  Q  values  in  Eq.  (II-5)  then  yields  the  theoretical  Tunnel  4T 
porosities  required  for  elimination  of  the  two  types  of  lift  interference. 
The  required  porosities  are  not  equal  so  that,  in  general,  the  lift  interfer¬ 
ence  will  change  the  effective  model  angle  of  attack,  given  in  Ref.  7  as 

'  7  Cl  [s°  *  Sl]  (n-B) 

Fortunately,  the  first  term  will  usually  be  an  order  of  magnitude  larger 
than  the  second  so  that  the  interference  on  lift  can  be  practically  elimi¬ 
nated  by  using  the  wall  porosity  schedule  which  maintains  6q  =  0. 


The  theoretical  estimates  of  interference  effects  on  the  lift  and 
pitching  moment  given  in  Figs.  16  and  17  were  obtained  as  follows. 

For  each  combination  of  porosity  and  Mach  number,  the  corresponding  Q 
was  evaluated  from  Eq.  (II-5).  The  values  of  6o  and  6i  were  then 
obtained  from  Ref.  6  as  a  function  of  Q.  Finally,  the  theoretical  lift  and 
pitching-moment  slopes  were  obtained  from  Eq.  ( II — 6 )  rewritten  as, 
respectively 


(II- 7) 


(II-8) 


The  tail  effectiveness  was  evaluated  using 


iL.ii.i_  dCL 

s  «  da, 


(H-9) 


where  dCL,/dat  Qt^®  were  obtained  from  Ref.  9.  The  estimated 

values  of  Cm  are  probably  not  correct,  although  the  best  available, 
**t 

so  that  the  theoretical  curves  given  in  Fig.  17  are  to  be  considered 
with  caution.  It  is  clear  that  attempts  to  experimentally  verify  the 
theoretical  work  of  Refs.  6  and  7  should  include  direct  measurements 
of  the  horizontal  tail  effectiveness. 
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Fig.  11-2  Crossflow  Characteristics  of  the  Tunnel  4T  Variable  Porosity 
Test  Section  Walls 
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data  obtained  in  the  Propulsion  Wind  Tunnel  (16T)  using  the  same  model, 
balance,  and  sting  show  that  practically  interference-free  data  can  be 
obtained  in  Tunnel  4T  throughout  the  Mach  number  range  from  0.7  to  1.2 
utilizing  variable  porosity.  At  other  than  the  optimum  wall  porosities 
experimental  subsonic  lift  interference  effects  are  generally  larger 
than  theoretical  predictions,  although  theory  and  experiment  are  in 
qualitative  agreement. 
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